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THEREOF

(57)  Method for regulation of a single-valve CO2 re-
frigerating apparatus which comprises, in sequence:
- a compressor assembly (11);
-agascooler (12) connected to said compressor assem-
bly (11) so as to receive from it gas under pressure;
- an expansion valve (13), with adjustable opening, lo-
cated downstream of said gas cooler (12), for expanding
the refrigerant fluid supplied from the latter;
- an evaporator (14), located downstream of said valve
and upstream of said compressor assembly (11);
said apparatus further comprising:
- temperature detection means (15a, 15b), configured to
detect an overheating temperature value Tsh of said re-
frigerant fluid, by means of temperature detection down-
stream of said evaporator (14) or upstream of said com-
pressor (11), and to detect a temperature value of the
refrigerant fluid downstream of said gas cooler (12);
- pressure detection means (16a, 16b), for detecting a
high-pressure value HP of the pressure of said refrigerant
fluid downstream of said compressor assembly (11) and
upstream of said expansion valve (13);
- a controller (17) connected to said temperature detec-
tion means (15a, 15b) and to said pressure detection
means (16a, 16b) so as to receive data from them, and
to said expansion valve (13) so as to adjust said opening
thereof according to said method.

Said method comprising:

SINGLE-VALVE CO2 REFRIGERATING APPARATUS AND METHOD FOR REGULATION

- an operation A of detecting, over time, the value of a
primary parameter and the value of a secondary param-
eter, wherein said primary parameter is chosen from said
high pressure HP and said overheating temperature Tsh,
where said secondary parameter is said overheating
temperature Tsh if said primary parameter is said high
pressure HP or is said high pressure HP if said primary
parameter is said overheating temperature Tsh;

- a primary regulation operation B, which involves regu-
lation of said expansion valve (13) so that the value of
said primary parameter, detected in said operation A,
tends towards a set-point value;

- an operation C of estimating an optimal value Vo for
said secondary parameter, where said optimal value is
estimated according to an algorithm for energy optimiza-
tion of said refrigerating apparatus;

- a secondary regulation operation D which involves var-
ying said set-point value from an optimal set-point value
or from a current value if the value of said secondary
parameter, detected in said operation A, does not fall
within a predefined tolerance range It of values compris-
ing said optimal value Vo; where said variation is made
so as to tend to bring the value of said secondary param-
eter back within said tolerance range It.
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Description

[0001] The present invention concerns a single-valve CO2 refrigerating valve and a method for regulation thereof.
[0002] In general, the present invention relates to a refrigerating apparatus which uses carbon dioxide as a refrigerant
fluid and which may operate according to a transcritical thermodynamic cycle, namely a cycle where the dissipation of
the operative heat is performed at a temperature higher than the critical temperature, which is 31°C.

[0003] Specifically, the present invention relates to a refrigerating apparatus intended for small-scale applications, as
in the refrigeration of refrigerated cabinets, for example of supermarket refrigeration systems, and in particular for so-
called plug-in or semi plug-in applications where there is a refrigeration unit equipped with an exchanger for dissipation
of the operative heat which can be connected to a water loop circuit used for refrigeration.

[0004] The presentinvention may also be implemented in connection with single-valve refrigerating apparatus of other
types, such as heat pumps for example.

[0005] An apparatus according to an application of this type conventionally comprises a compressor assembly, a gas
cooler, a single, electronic, expansion valve, an evaporator and a control device which is connected to the expansion
valve so as to adjust the opening thereof according to a feedback algorithm designed to follow a predefined overheating
value, called set-point value, of the gas at the evaporator outlet.

[0006] The expression "gas cooler"is understood as meaning a member which is designed to cool the gaseous carbon
dioxide, also in supercritical conditions, i.e. at a pressure greater than 7.377 Mpa and temperature higher than 31°C,
where there is no condensation of the fluid, or in conditions where there is a transition between subcritical conditions
and supercritical conditions, differently from several conventional refrigerating apparatus where the dissipation of the
operative heat involves condensation of the refrigerant fluid.

[0007] As already mentioned, the gas cooler may be connected to a exchanger of a water circuit for dissipation of the
heat.

[0008] This conventional apparatus which below will be identified as a single-valve refrigerating apparatus, while being
able to achieve high energy performance values, has a number of limitations in terms of efficiency compared to the
larger-size apparatus.

[0009] The latter are also equipped with a gas-liquid receiver, upstream of the evaporator, with a high-pressure valve,
connected downstream of the gas cooler so as to regulate the pressure thereof, and with a valve, called flash gas valve,
connected downstream of the receiver, for regulating the internal pressure thereof, both these valves also being connected
to the control device which operates them in a manner coordinated with the electronic expansion valve.

[0010] In particular, the control algorithm for a conventional apparatus of this type, in addition to the regulation of the
expansion valve in relation to the overheating set point, described above, performs regulation of the high-pressure valve
so as to optimize the COP (coefficient of performance) of the compressor assembly depending on the outlet temperature
of the gas cooler and regulation of the flash gas valve so as to keep the pressure inside the receiver at a predefined value.
[0011] A conventional apparatus of this type therefore has a greater structural complexity, greater dimensions and
greater costs which nowadays do not allow competitive use thereof in the aforementioned small-scale applications.
[0012] The problem underlying the present invention is to increase the energy efficiency of the single-valve CO2
refrigerating apparatus without increasing substantially the structural complexity or the overall dimensions thereof.
[0013] The main task of the present invention consists in providing a single-valve CO2 refrigerating apparatus and a
method for regulation thereof, which are able to provide a solution to said problem, while overcoming the drawbacks
associated with the conventional apparatus described above.

[0014] In connection with this task it is an object of the present invention to propose a single-valve CO2 refrigerating
apparatus and a method for regulation thereof which are able to optimize operation with respect to a combination of
functional thermodynamic parameters and specifically according to the overheating temperature at the evaporator outlet
and according to the maximum cycle pressure.

[0015] Another object of the present invention consists in providing a single-valve CO2 refrigerating apparatus which
does not have substantially larger dimensions compared to the conventional single-valve apparatus described above.
[0016] This task as well as these and other objects which will appear more clearly below are achieved by a single-
valve CO2 refrigerating apparatus and a method for regulation thereof according to the attached independent claims.
[0017] Detailed characteristic features of a single-valve CO2 refrigerating apparatus and a method for regulation
thereof according to the invention are described in the dependent claims which are incorporated here by reference.
[0018] Further characteristic features and advantages will emerge more clearly form the description of a preferred,
but non-exclusive embodiment of a single-valve CO2 refrigerating apparatus and a method for regulation thereof, ac-
cording to the invention, shown by way of a non-limiting example in the attached sets of drawings in which:

- Figure 1 shows an exemplary diagram of a control logic of a single-valve CO2 refrigerating apparatus in accordance
with a method for regulation thereof, according to the present invention;
- Figure 2 shows a simplified diagram of a single-valve CO2 refrigerating apparatus, according to the present invention.
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[0019] With particular reference to the said figures, 10 denotes overall a single-valve CO2 refrigerating apparatus,
namely an apparatus which operates with a refrigerant fluid comprising carbon dioxide.
[0020] The apparatus 10 comprises, in sequence:

- acompressor assembly 11;

- agas cooler 12 connected to the compressor assembly 11 so as to receive gas under pressure from it;

- anexpansion valve 13, with adjustable opening, located downstream of the gas cooler 12, for expanding refrigerant
fluid supplied from the latter;

- an evaporator 14, located downstream of the expansion valve 13 and upstream of the compressor assembly 11.

[0021] Furthermore the apparatus 10 comprises:

- temperature detection means 15a, 15b configured to detect an overheating temperature value Tsh of the refrigerant
fluid, preferably by means of temperature detection downstream of the evaporator 14 or upstream of the compressor
11 and to detect a temperature value of the refrigerant fluid, preferably downstream of the gas cooler 12.

- pressure detection means 16a, 16b, for detecting a high-pressure value HP of the pressure of the refrigerant fluid
downstream of the compressor assembly 11 and upstream of the expansion valve 13;

- acontroller 17 connected to the temperature detection means 15a, 15b and to the pressure detection means 16a,
16b, so as to receive data from them, and to the expansion valve 13 so as to adjust the opening thereof according
to the following method.

[0022] Inaccordance with the presentinvention, a method for regulation of the single-valve CO2 refrigerating apparatus
10 comprises:

- acontinuous or discontinuous operation A of detecting, over time, the value of a primary parameter and the value
of a secondary parameter;

- a primary regulation operation B, which involves regulation of the expansion valve 13 so that the value of said
primary parameter, detected in the operation A, tends towards a set-point value;

- an operation C of estimating an optimal value Vo for said secondary parameter;

- asecondary regulation operation D which involves varying said set-point value from an optimal set-point value, or
from a current value, if the value of said secondary parameter, detected in the operation A, does not fall within a
predefined tolerance range It of values comprising said optimal value Vo.

[0023] In connection with the operation A, said primary parameter is chosen from the high pressure HP and the
overheating temperature Tsh, where the secondary parameter is the overheating temperature Tsh if the primary param-
eter is the high pressure HP or is the high pressure HP if the primary parameter is the overheating temperature Tsh.
[0024] In connection with the operation C, said optimal value Vo may be estimated according to an algorithm for energy
optimization of the apparatus 10, as for example described more fully below.

[0025] In connection with the operation D, said variation is performed so as to tend to bring the value of the secondary
parameter back within the tolerance range It.

[0026] If said primary parameter is said high pressure HP, the optimal set-point value may be calculated, in a manner
conventional per se, for example as taught in the article "A correlation of optimal heat rejection pressures in transcritical
carbon dioxide cycles" by S.M. Liao, T.S. Zhao, A. Jakobsen, published in "Applied Thermal Engineering" Applied
Thermal Engineering 20 (2000) 831-841.

[0027] In accordance with the teaching of said article, the optimal set-point value may be defined by means of the
following formula:

Stp = (2.778 -0.0157*e)*tc + (0.381*te -9.34)

where:

- tcis the gas cooler outlet temperature 12
- teis the saturated evaporation temperature, for example which can be obtained from the evaporation pressure pe
converted into saturation temperature of the CO2.

[0028] The evaporation pressure pe may be the pressure of the refrigerant fluid detected at the outlet of the evaporator
14 or at the intake of the compressor 11, or at a section between them, as described more fully here below.
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[0029] For example, a saturated evaporation temperature of -10°C corresponds to an absolute evaporation pressure
pe of 2.648 Mpa.

[0030] Ascan be understood, therefore, the optimal set-point value, when the primary parameter is said high pressure,
may be variable and updated continuously or at discrete time intervals according to the formula shown above, or according
to other correlations conventional per se and not further described here, depending on the aforementioned values of tc
and te measured and/or depending on other parameters useful of the purposes of the calculation of an optimal pressure
such as to the maximize the efficiency of the cycle.

[0031] If the primary parameter is the overheating temperature Tsh, the optimal set-point value may be set and fixed.
[0032] The value of said overheating temperature may be calculated as the difference between the temperature
measured ts, detected at the intake of the compressor assembly 11 or at the outlet of the evaporator 14 and the saturated
evaporation temperature te, obtained as mentioned further above, namely in the formula Tsh=ts-te.

[0033] For example, where an absolute evaporation pressure pe = 2.648 Mpa is detected, a saturated temperature
te =-10°C and, if a measured temperature ts = 0°C is detected, there will be an overheating SH =ts - te = 10 K.
[0034] The operation D may envisage that said variation is limited to values of said set-point value which are comprised
within a predefined limit range Il which comprises an optimal set-point value.

[0035] In connection with the operation B the regulation of the expansion valve 13 may involve a feedback check,
preferably of the proportional-integrative-derivative (PID) type, between the value of the primary parameter detected
and the set-point value Stp.

[0036] In particular, if the primary parameter is the overheating temperature Tsh, if the value of the overheating
temperature Tsh is greater than the set-point value Stp, the expansion value 13 may be operated so as to increase the
opening thereof in order to reduce the overheating temperature Tsh or, vice versa, if the value of the overheating
temperature Tsh is less than the set-point value Stp, the expansion valve 13 may be operated so as to reduce the
opening thereof in order to increase the overheating temperature value Tsh.

[0037] Similarly, if the primary parameter is the high pressure HP, if the value of the high pressure HP is greater than
the set-point value Stp, the expansion valve 13 may be operated so as to increase the opening thereof in order to reduce
the high pressure HP or, vice versa, if the value of the high pressure HP is less than the set-point value Stp, the expansion
valve 13 may be operated so as to reduce the opening thereof in order to increase the value of the high pressure HP.
[0038] The limit range may comprise:

- an upper limit band H-offset, with values greater than the optimal set-point value;
- alower limit band L-offset, with values lower than the optimal set-point value.

[0039] The limit bands may be established depending on safety criteria of the system intended to avoid reaching too
high or too low set-point values which may create problems, or acceptable bands for optimization of the system itself
derived from experiments and/or from empirical tests carried out on the specific apparatus provided.

[0040] For example, if the primary parameter is the overheating temperature Tsh, the limit bands may be set so as to
avoid reaching set-point values Stp which are too high, i.e. which may create temperatures too high for the outlet of the
compressor 11 or vice versa values which are too low and which may create problems of liquid return to the compressor 11.
[0041] If the primary parameter is the high pressure HP, the said limit bands may be set so as to avoid reaching values
of the high pressure HP which are too high or too low so not to lose the optimization of the system in terms of energy
efficiency.

[0042] For example, if the primary parameter is the overheating temperature Tsh and the set-point value Stp is equal
to 10 K, the maximum limit value of the upper limit band H-offset may be 10 K in order to reach a maximum set point
Stp equal to 20 K so as not to have problems associated with too high outlet temperatures of the compressor 11, and
the maximum limit value of the lower limit band L-offset may be 7 K for a minimum resultant set-point value of 3 K so
as not to have problems of liquid return to the compressor 11. If the primary parameter is the high pressure, the upper
limit value of the upper limit band H-offset may be 5 bar and the lower limit value of the lower limitband L-offset may be 3 bar.
[0043] If said secondary pressure is the high pressure HP, said optimal value Vo may be calculated, in connection
with the operation V, by means of the following formula, already discussed further above:

Vo = (2.778 -0.0157*e)*tc + (0.381*te -9.34)

where:

- tcis the gas cooler outlet temperature 12
- teis the saturated evaporation temperature, for example which can be obtained from the evaporation pressure pe
converted into saturation temperature of the CO2.
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[0044] In this case the optimal value Vo will be variable, as represented by a continuous line in Figure 1.

[0045] If said secondary parameter is the overheating temperature Tsh, said optimal value Vo, in connection with the
operation C, may be defined with a fixed value, as represented by a broken line in Figure 1.

[0046] Said method may also comprise an operation E of detecting an optimization temperature value To, consisting
of the temperature of said refrigerant fluid downstream of the gas cooler 12.

[0047] In particular, if said primary parameter is the high pressure HP, the set-point value may be set so as to optimize
the COP of the compressor assembly 11 depending on the optimization temperature value To, in a per se conventional
manner.

[0048] If said primary parameter is the overheating temperature Tsh the optimal set-point value may be set so as to
optimize the efficiency of the evaporator and to a value such as to prevent liquid return to the compressor 11.

[0049] Said variation of the set-point value Stp may consist in an increase of the set-point value if the value of the
secondary parameter is lower than the optimal value Vo or may be a decrease if the value of the secondary parameter
is greater than the optimal value Vo.

[0050] The tolerance range It may comprise:

- an upper dead band Hdb of values greater than the optimal value Vo;
- alower dead band Ldb of values lower than the optimal value Vo.

[0051] The dead bands Hdb and Ldb may be established depending on the same criteria used for definition of the
said upper and lower limit bands.

[0052] For example, if the secondary parameter is the overheating temperature Tsh, the upper limit value of the upper
dead band HdB may be 10°C and the lower limit value of the lower dead band Ldb may be 3°C.

[0053] If the secondary parameter is the high pressure, the upper limit value of the upper dead band Hdb may be 4
bar and the lower limit value of the lower dead band Ldb may be 2 bar.

[0054] In general, the present invention also relates to a single-valve CO2 refrigerating apparatus which comprises,
in sequence:

- acompressor assembly 11;

- agas cooler 12 connected to the compressor assembly 11 so as to receive gas under pressure from it;

- anexpansion valve 13, with adjustable opening, located downstream of the gas cooler 12, for expanding refrigerant
fluid supplied from the latter;

- an evaporator 14, located downstream of the valve and upstream of the compressor assembly 11.

[0055] Where the apparatus 10 furthermore comprises:

- temperature detection means 15a, 15b configured to detect an overheating temperature value Tsh of the refrigerant
fluid, preferably by means of a temperature detection downstream of the evaporator 14 or upstream of the compressor
11 and to detect a temperature value of the refrigerant fluid downstream of said gas cooler 12;

- pressure detection means 16a, 16b, for detecting a high-pressure value HP of the pressure of the refrigerant fluid
downstream of the compressor assembly 11 and upstream of the expansion valve 13;

- acontroller 17 connected to the temperature detection means 15a, 15b and to the pressure detection means 16a,
16b, so as to receive data from them, and to the expansion valve 13 and configured or programmed so as to adjust
the opening of the expansion valve 13 in accordance with a regulation method as described above.

[0056] The temperature detection means 15a, 15b may comprise:

- afirst sensor 15a designed to detect directly or indirectly a temperature of the refrigerant fluid at the outlet of the
evaporator 14 or at the intake of the compressor, for detecting the overheating temperature Tsh, for example as
more fully described above;

- asecond sensor 15b designed to detect directly or indirectly a temperature of the refrigerating fluid at the outlet of
the gas cooler 12, for detecting the optimization temperature To.

[0057] The pressure detection means may comprise a third sensor 16b designed to detect directly or indirectly a
pressure of the refrigerant fluid at the outlet of the gas cooler 12, for detecting said high pressure Hp; they may also
comprise a fourth sensor 16a designed to detect directly or indirectly a pressure of the refrigerant fluid at the outlet of
the evaporator 14 or at the intake of the compressor 11, for detecting the evaporation pressure pe.

[0058] The operation of an apparatus 10, in accordance with a regulation method as described above, according to
the present invention, may be as follows.
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[0059] If the primary parameter is the overheating temperature Tsh and therefore the secondary parameter is the high
pressure Hp, then, if the value of the high pressure Hp detected, for example by means of the third sensor 16a, is within
the said tolerance range lt, the set-point value Stp will not be varied.

[0060] Otherwise, if the value of the high pressure Hp detected is lower than the optimal value Vo less the lower dead
band Ldb, then, in connection with the operation D, said variation of the set-point value Spt is performed, for example
in a linearly proportional manner with respect to the high-pressure value Hp detected so as to cause an increase of the
set-point value Stp such that the overheating temperature Tsh is lower than this set-point value Stp and, in connection
with the operation B, the expansion valve 13 will tend to close so as to increase the value of the overheating temperature
in order to reach the set-point value Stp.

[0061] This gradual closing of the expansion valve 13 tends to increase the value of the high pressure Hp, preventing
it therefore from falling further and causing it to return back within the tolerance range It or finding an equilibrium for the
system.

[0062] The maximum variation of the set point value Stp will be determined by the maximum value of the limit range
Il defined for the set point value Stp.

[0063] Following any further reduction of the high pressure Hp, the set point value Stp preferably will not vary further.
[0064] Vice versa, if the high pressure Hp increases beyond the optimal value Vo plus the upper dead band Hdb, the
set-point value Stp of the overheating temperature decreases such that the expansion valve 13 will tend to open so as
to follow the set point Stp and, in so doing, tends to cause a reduction of the high pressure Hp.

[0065] The lower value which limits the variation of the set point Stp will be determined by the minimum value of the
limit range |l defined for the set-point value Stp.

[0066] Following any further increase of the high pressure Hp, the set-point value Stp preferably will not vary further.
[0067] The same operating principle, mutatis mutandis, exists where the primary parameter is the high pressure Hp.
[0068] It can therefore be understood how the invention is able to solve the problem posed and fulfil the aforementioned
task and achieve the aforementioned objects.

[0069] In particular, with a single-valve CO2 refrigerating apparatus and a method for regulation thereof, according to
the present invention, it is possible to increase the energy efficiency without increasing substantially the structural
complexity or dimensions thereof.

[0070] Furthermore, itis possible to optimize the operation with respect to a combination of functional thermodynamic
parameters and specifically according to the overheating temperature at the outlet of the evaporator or at the inlet of the
compressor, or in section between them, and according to the maximum cycle pressure, namely the aforementioned
high pressure Hp.

[0071] In particular, in the case of regulation with the primary parameter consisting of the overheating temperature
and secondary parameter consisting of the high pressure, the advantage is that of controlling overheating, but limiting
the possible variations of the high pressure so as not to deviate too far from the optimal pressure which maximizes the
efficiency of the system.

[0072] In the case, instead, of regulation with the primary parameter consisting of the high pressure and secondary
parameter consisting of the overheating temperature, the advantage is that of regulating the system based on the
pressure which optimizes the efficiency of the cycle, while keeping under control overheating so as to avoid creating
problems for the compressor with too low or too high overheating.

[0073] The invention thus devised may be subject to numerous modifications and variations, all of which fall within
the scope of protection of the attached claims.

[0074] Moreover all the details may be replaced by other technically equivalent elements.

[0075] In practice the materials used as well as the associated forms and dimensions may be varied depending on
the particular requirements and the state of the art. Where the constructional characteristics and the techniques mentioned
in the following claims are followed by reference numbers or symbols, these reference numbers or symbols have been
assigned with the sole purpose of facilitating understanding of the said claims and consequently they do not limit in any
way the interpretation of each element which is identified, purely by way of example, by said reference numbers or
symbols.

Claims
1. Method for regulation of a single-valve CO2 refrigerating apparatus which comprises, in sequence:
- a compressor assembly (11);
- a gas cooler (12) connected to said compressor assembly (11) so as to receive from it gas under pressure;

- an expansion valve (13), with adjustable opening, located downstream of said gas cooler (12), for expanding
the refrigerant fluid supplied from the latter;
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- an evaporator (14), located downstream of said valve and upstream of said compressor assembly (11);
said apparatus further comprising:

- temperature detection means (15a, 15b), configured to detect an overheating temperature value Tsh of said
refrigerant fluid, by means of a temperature detection downstream of said evaporator (14) or upstream of said
compressor (11), and to detect a temperature value of the refrigerant fluid downstream of said gas cooler (12);
- pressure detection means (16a, 16b), for detecting a high-pressure value HP of the pressure of said refrigerant
fluid downstream of said compressor assembly (11) and upstream of said expansion valve (13);

- a controller (17) connected to said temperature detection means (15a, 15b) and to said pressure detection
means (16a, 16b), so as to receive data from them, and to said expansion valve (13) so as to adjust said opening
thereof according to said method;

said method comprising:

- an operation A of detecting, overtime, the value of a primary parameter and the value of a secondary parameter,
wherein said primary parameter is chosen from said high pressure HP and said overheating temperature Tsh,
where said secondary parameter is said overheating temperature Tsh if said primary parameter is said high
pressure HP or is said high pressure HP if said primary parameter is said overheating temperature Tsh;

- a primary regulation operation B, which involves regulation of said expansion valve (13) so that the value of
said primary parameter, detected in said operation A, tends towards a set-point value;

- an operation C of estimating an optimal value Vo for said secondary parameter, where said optimal value is
estimated according to an algorithm for energy optimization of said refrigerating apparatus;

- a secondary regulation operation D which involves varying said set-point value from an optimal set-point value
or from a current value if the value of said secondary parameter, detected in said operation A, does not fall
within a predefined tolerance range It of values comprising said optimal value Vo; where said variation is made
so as to tend to bring the value of said secondary parameter back within said tolerance range It.

Method according to claim 1, wherein said operation D is such that said variation is limited to values of said set-
point value Stp included in a predefined limit range |l comprising said optimal set-point value.

Method according to claim 2, wherein said limit range 1l comprises:

- an upper limit band (H-offset) of values greater than said optimal set-point value;
- a lower limit band (L-offset) of values lower than said optimal set-point value.

Method according to one of the preceding claims, wherein said overheating temperature Tsh is calculated as the
difference between a measured temperature ts, detected at the intake of said compressor assembly (11) or at the
outlet of said evaporator (14) and the saturated evaporation temperature te which is obtained from a direct meas-
urement of temperature or from an evaporation pressure value pe converted into saturated temperature of the CO2,
wherein said evaporation pressure pe may be the pressure of said refrigerant fluid detected at the outlet of said
evaporator (14) or at the intake of said compressor assembly (11) or in a section between these sections.

Method according to one of the preceding claims, wherein said method comprises an operation E of detecting an
optimization temperature value To, consisting of the temperature of said refrigerant fluid downstream of said gas
cooler (12);

wherein:

if said primary parameter is said high pressure HP, said optimal set-point value is set so as to optimize the COP
of said compressor assembly (11) depending on the value of said optimization temperature To;

if said primary parameter is said overheating temperature Tsh, said optimal set-point value is set so as to
optimize the efficiency of the evaporator (14) and to a value that ensures no liquid return to said compressor
assembly (11).

Method according to one of the preceding claims, wherein said variation consists in an increase of said set-point
value if the value of said secondary parameter is lower than said optimal value Vo or is a decrease if the value of
said secondary parameter is greater than said optimal value Vo.
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Method according to one of the preceding claims, wherein said tolerance range It comprises:

- an upper dead band (Hdb) of values greater than said optimal set-point value Vo;
- a lower dead band (Ldb) of values lower than said optimal set-point value Vo.

8. Single-valve CO2 refrigerating apparatus which comprises, in sequence:

- a compressor assembly (11);

- a gas cooler (12) connected to said compressor assembly (11) so as to receive from it gas under pressure;
- an expansion valve (13), with adjustable opening, located downstream of said gas cooler (12), for expanding
the refrigerant fluid supplied from the latter;

- an evaporator (14), located downstream of said valve and upstream of said compressor assembly (11);

said apparatus further comprising:

- temperature detection means (15a, 15b), configured to detect an overheating temperature value Tsh of said
refrigerant fluid, by means of temperature detection downstream of said evaporator (14) or upstream of said
compressor (11), and to detect a temperature value of the refrigerant fluid downstream of said gas cooler (12);
- pressure detection means (16a, 16b), for detecting a high-pressure value HP of the pressure of said refrigerant
fluid downstream of said compressor assembly (11) and upstream of said expansion valve (13);

- a controller (17) connected to said temperature detection means (15a, 15b) and to said pressure detection
means (16a, 16b), so as to receive data from them, and to said expansion valve (13) and configured or pro-
grammed so as to adjust the opening of said expansion valve (13) in accordance with said regulation method
according to one of the preceding claims.

9. Apparatus according to claim 8, wherein said temperature detection means (15a, 15b) comprise:

- a first sensor (15a) designed to detect directly or indirectly a temperature of said refrigerant fluid at the outlet
of said evaporator (14) or at the intake of said compressor assembly (11) or at a section comprised between
them, for detecting said overheating temperature Tsh;

- a second sensor (15b) designed to detect directly or indirectly a temperature of said refrigerant fluid at the
outlet of said gas cooler (12), for detecting said optimization temperature To (Ht);

said pressure detection means comprising a third sensor (16b) designed to detect directly or indirectly a pressure
of said refrigerant fluid at the outlet of said gas cooler (12), for detecting said high pressure HP.
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